Abstract: 124 lichen species in 48 genera are reported for the Spring Mountains, Clark and Nye Counties, Nevada. The Spring Mountains are a sky island mountain range in the Mojave Desert located approximately 25 km northwest of Las Vegas. This species list includes 58% of the 217 species in 68 genera reported to date for the Mojave Desert. This survey was based on extensive collections made between 1997 and 2007 as part of an air quality bio-monitoring program and baseline established in the Spring Mountains, Humboldt-Toiyabe National Forest. This report represents a major contribution to our understanding of the lichen flora of Nevada in particular and the Mojave Desert in general.
Introduction:
Over a ten year period, a lichen air quality bio-monitoring program was established in the Spring Mountains, Humboldt Toiyabe National Forest. A total of fifteen study sites, distributed across the mountain range, were collected between 1997 and 2007 (St. Clair et al., 2007) (Figure 1 ). The Spring Mountains are located 25 km northwest of downtown Las Vegas, the largest population center in Southern Nevada. The bio-monitoring program was established to specifically monitor potential air pollution-related effects from the Las Vegas metropolitan area on the Spring Mountains National Recreation Area. This ten year project produced a valuable collection of specimens documenting the occurrence and distribution of lichen species in the Spring Mountains.
Hasse (1910, 1913) Interest has also increased in the biological soil crusts of the Mojave Desert, with several papers published since 2001 . Johansen et al. (2001 noted that biological soil crusts in the Mojave Desert are generally not as species rich nor as well developed as crust communities in the Great Basin and Colorado Plateau. This pattern further emphasizes the fact that species diversity and structural development of arid land soil crust communities varies within the context of the environmental parameters which define each biogeographical region. Johansen et al. (2001) also indicated, based on a survey of 26 sites in and around Fort Irwin National Training Center (Figure 2) , that large portions of this area lacked well developed soil crust communities which they attributed generally to the activity of off-road military vehicles. Belnap (2002) examined the impact of off-road vehicles on nitrogen cycles associated with biological soil crusts in various U.S. deserts including the Mojave Desert. Belnap and Warren (2002) studied recovery rates of biological soil crusts at sites in the Chemehuevi Valley, in the Mojave Desert, damaged by WW II military training exercises conducted more than 65 years ago. They suggested that reestablishment of the lichen component of soil crusts is extremely slow, with full recovery potentially taking up to 2,000 years in some places due to the slow growth rate of the squamulose lichen Placidium squamulosum. Finally, in the Mojave Desert Williams (2011) studied the role biological processes associated with tall moss-lichen pinnacled crusts play in the formation of a vesicular A horizon (or Av horizon) and showed that biological soil crusts trap windblown dust, which along with the biological material goes through expansion and contraction via alternating hydration/ desiccation, and freeze/thaw cycles. The physical movements cause cracks and fissures that further trap aeolian deposits which, along with dissolution and recrystallization of authigenic minerals such as calcium carbonate, lead to the formation of a fine grained, vesicular A horizon (Williams, 2011) .
Materials and Methods
Lichens were sampled from all habitats and substrates; including: soil, mosses/detritus, rocks, bark, and lignum. All collections have been curated and accessioned into the Herbarium of Nonvascular Cryptogams, in the M.L. Bean Life Science Museum, at Brigham Young University, Provo, Utah. Species identifications were made using standard chemical and microscopic techniques. Spot tests were used to identify basic thallus chemistry (Vitikainen, 2001 , Orange, 2001 . Thin layer chromatography (TLC) was performed on some specimens, and provided a more detailed look at lichen secondary chemistry. In addition, a short/long wavelength UV cabinet was used to more thoroughly characterize UV+ chemicals. Microscopic examination of fruiting body structures, including documentation of basic ascocarp features as well as the size, color, and number of ascospores per ascus, were used to finalize species identifications. The species descriptions in Lichen Flora of the Greater Sonoran Desert Region (Nash et al., 2002 (Nash et al., , 2004 (Nash et al., , and 2007 ) also provided valuable information. Nomenclature was based on the current version of The North American Lichen Checklist by T.L. Esslinger (2011).
Study Area
The Spring Mountains, located in southern Nevada, are so named for the many natural springs in the area. Ironically, much of Nevada overlays a large groundwater system, the Paleozoic carbonate aquifer (Osborn et al., 2008) and snow melt runoff from the Spring Mountains provides significant recharge to this aquifer (Osborn et al., 2008) . The Spring Mountains are considered a sky island system. The range is approximately 90 km long from the NW to the SE corner. Elevation ranges from 1,371 m (4,498 feet) at the eastern base, to 3,632 m (11,916 feet) at the top of Mount Charleston (USDA 1). The formal boundary of the Spring Mountains National Recreation Area encompasses 127,880 hectares (USDA 1). The Spring Mountains, in the rain shadow of the Sierra Nevada Mountains, have an average annual precipitation of 51 cm/year at the crest of the range, (compared to Las Vegas at 10 cm/yr) (USDA 1). The mountain range includes 18,000 acres of bristlecone pines, the largest population in the Intermountain West. The plant community also includes several endemic species (USDA 1).
The Spring Mountains are a north-south oriented block faulted range divided by valleys and are partially located in the Great Basin Province (Wilson, 1991 (Wilson, 1991) .
Collection Sites
A total of fifteen air quality bio-monitoring reference or collection sites ( Figure 1) were established in the Spring Mountains, HumboldtToiyabe National Forest during the 1997 , 1999 -2002 and 2004 -2007 field seasons (St. Clair, 1997 -2007 , unpublished, St. Clair et al., 2007 (Tables 1 & 2) . The flora is dominated by crustose species (55.3%), followed by foliose (35%), squamulose (8.1%), and fruticose species (1.6%). Lichen species were collected from all habitats and substrates: rock, bark/lignum, soil, moss/detritus. The following substrate percentages represent the predominant substrate: rock (54.5 %); bark/lignum (31.7%); soil (8.1%); and moss/detritus 1.6%). In addition, the following mixed results were noted: 4% of the species occurred evenly distributed over various combinations of substrates (either bark/rock, rock/soil, or moss/bark. This occurred so infrequently, or with such low numbers of specimens collected, that no reliable conclusions can be inferred other than some species occur on more than one substrate.
The following genera are reported in this study Acarospora, 6 
Discussions and Conclusions:
The lichen flora of the Spring Mountains is locally diverse and well developed. With 123 species in 48 genera it is the most diverse lichen flora reported for the Mojave Desert bioregion and represents 56.9% of the 216 species in 68 genera reported for the Mojave Desert system. This study represents a significant contribution to our understanding of the lichen flora of this largely unexamined region of western North America. The "Sonoran Project" (Nash et al., 2002 (Nash et al., , 2004 (Nash et al., , and 2007 ) is the most complete and broad ranging look at lichen communities in the western hemisphere, reporting more than 1,800 species in 280 genera. However, Nash understandably provided only limited information about the occurrence and distribution of lichen species in the Mojave Desert. A comparison between the Spring Mountains and Sonoran lichen floras reveals that 90% of the lichen species reported for the Spring Mountains are also found in the Sonoran Desert. The total number of species for the Sonoran and Mojave deserts (1,800 and 216 respectively) shows that the Sonoran flora is much more diverse. However, due to general climatic differences, overall size, and habitat diversity and complexity, we predict that a more concentrated and thorough study of the lichen flora of the Mojave Desert will likely not yield species numbers approaching that which have been reported for the Sonoran Desert. 
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